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Total mixed rations (TMR) based on grass silage (GS), triticale silage (TS), mixture of GS and TS, barley silage (BS) 
and mixture of GS and BS were fed to fifty Hereford (HF) and fifty Charolais (CH) bulls. The proportion (g kg-1 dry 
matter [DM]) of the silages in the TMRs were as follows: (1) GS (600); (2) TS (600); (3) GS (300) and TS (300); (4) BS 
(600); (5) GS (300) and BS (300). Concentrate proportion was 400 g kg-1 DM. According to feed analyses, the GS had 
15 and 8% higher metabolizable energy (ME) concentration as well as 51 and 49% higher crude protein (CP) con-
centration compared to TS and BS, respectively. Average DM intake (DMI) on TS and BS containing diets was higher 
compared to GS as a sole forage (p=0.001). Compared to the TS based rations the use of BS rations increased daily 
DMI by 5% (p<0.05). In CH bulls, DMI decreased 0.8 kg d-1when GS partially replaced TS or BS while in HF bulls the 
use of silage mixtures slightly increased DMI (0.23 kg d-1). The live weight gain (LWG) and carcass gain of the CH 
bulls were 5 and 26% higher, respectively, compared to the HF bulls. Inclusion of GS in the diet increased LWG and 
carcass gain with TS but decreased them with BS (interaction p<0.01). The experiment demonstrated lower feed-
ing value of TS compared to BS in the diet of the bulls. Whole crop silage based rations increased DMI compared 
to GS as a sole forage in the TMR. When GS partially replaced TS or BS, interactions in LWG and carcass gain results 
demonstrated higher feeding value for BS and lower for TS compared to GS. Feeding treatments had only minor 
effects on carcass traits of the bulls.
Key words: beef production, growth performance, Hordeum vulgare, Phleum pratense, whole crop silages, X Triti-
cosecale
Introduction
In Nordic countries most of the forages fed to growing and finishing cattle are traditionally based on ensiled mix-
tures of different grasses and red clover (Trifolium pratense) (Pesonen et al. 2014). Although timothy (Phleum 
pratense) and meadow fescue (Festuca pratensis) are the dominant forage plants in Finland, different whole crop 
silages may play an increasingly significant role in the future. Small grain cereal based whole crop silages provide 
an opportunity to improve efficiency of forage production for ruminants under Nordic conditions (Rustas 2009, 
Huuskonen and Joki-Tokola 2010, Huuskonen et al. 2016). High dry matter (DM) yields at a single harvest and 
the potential to reduce production costs have increased the interest in using whole crop silages in cattle feeding.
In Finland, barley (Hordeum vulgare) has been the dominant small grain species utilized for whole crop silage pro-
duction, but oats (Avena sativa) and wheat (Triticum aestivum) are also used (Huuskonen et al. 2017). The digest-
ibility of whole crop silages generally depends on the proportions of straw and grain and is typically lower than 
that of high quality grass silage (GS) but the lower digestibility is often compensated by higher DM intake (DMI) 
(Keady 2005, Keady et al. 2007). In a review of four experiments with finishing cattle Keady (2005) concluded that 
the inclusion of whole crop wheat silage in GS based diets increased forage intake by 1.4 kg DM d-1, but did not 
affect animal performance. On the contrary, Huuskonen (2013) reported no treatment differences in daily DMI 
when GS was completely replaced by whole crop barley silage. 
Interest in triticale (X Triticosecale) cultivation has recently increased in Nordic countries because of climate change 
and longer growing seasons (Peltonen-Sainio et al. 2009). Triticale has been fed successfully to cattle as grain (Hill 
and Utley 1989, ZoBell et al. 1990) but less information is available on its use as whole crop silage, and the results 
have been partly contradictory. Similar intake, gain and feed efficiency were observed when barley silage (BS) and 
triticale silage (TS) were fed at relatively low levels (258–380 g kg-1 DM) with barley grain to feedlot steers (ZoBell 
et al. 1992). Harper et al. (2017) demonstrated that in dairy cows DMI was not affected while milk yield decreased 
when TS replaced maize silage at the rate of 10% in the diet DM, while McCartney and Vaage (1994) reported that 
TS was less acceptable than barley or oat silages resulting in lower DMI and growth rate in growing beef heifers. 
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O’Kiely (2011) concluded that diets based on TS of relatively low grain proportion supported low performance 
rates by growing steers when compared to diets based on GS or maize silage or ad libitum concentrate. 
In several growing cattle experiments GS has typically been completely replaced by whole crop silages, and no 
differences in DMI were observed when GS was replaced by TS (O’Kiely 2011) or BS (Huuskonen and Joki-Tokola 
2010, Huuskonen 2013, Huuskonen et al. 2017). However, in a meta-analysis of dairy cow feeding experiments 
the maximum silage DMI was obtained when the proportion of the whole crop silage was 0.48 of total silage DM. 
Replacing primary growth GS with whole crop silage affected silage DMI quadratically so that the intake of the 
mixture of GS and whole crop silages was higher than the mean intake of either forage fed alone (Huhtanen et 
al. 2007). Nevertheless, it is not certain whether the same phenomenon will occur in growing cattle. Therefore, 
more research on mixtures of whole crop silage and GS is needed. 
The objective of the present experiment was to study feed intake, gain and carcass traits of Hereford (HF) and 
Charolais (CH) bulls offered total mixed rations (TMR) based on GS, TS, mixture of GS and TS, BS and mixture of 
GS and BS. Possible interactions between silage plant species and breed were also examined. Current breeds were 
chosen because they are common beef breeds used in Finland. It was hypothesized that: (1) whole crop silages 
and mixtures of whole crop silage and GS increase DMI, but do not affect gain or carcass traits compared to GS as 
a sole forage in the TMR; (2) the use of TS instead of BS decreases DMI and gain of the bulls; (3) partial replace-
ment of TS or BS with GS improves DMI and gain; (4) the effects of GS inclusion in the diet are similar with TS and 
BS; and (5) there are no interactions between breed and feeding treatments on animal performance.
Material and methods
Animals and housing 
A feeding experiment was carried out in the experimental cattle unit of Natural Resources Institute Finland (Luke) 
in Ruukki starting in February 2018 and ending in August 2018. The experiment was conducted using fifty pure-
bred HF and fifty purebred CH bulls. All animals, with an initial live weight (LW) of 428 (±42.8) (HF) and 453 (±58.5) 
(CH) kg, were purchased from commercial herds. The HF bulls were from seven and the CH bulls from six different 
sires. There were five to nine HF bulls and five to ten CH bulls per sire in each five feeding treatment. The bulls 
were moved to the experimental cattle unit of Luke on average on seven months of age, three months before the 
start of the feeding experiment. During this pre-experimental period the bulls were adapted to housing condi-
tions and GS plus barley grain based feeding. The bulls remained healthy throughout the pre-experimental peri-
od. At the start of the present feeding experiment HF and CH bulls were on average 309 (±16.1) and 311 (±15.9) 
days old, respectively. Animals were managed according to the Finnish legislation regarding the use of animals in 
scientific experimentation.
The bulls were housed in an uninsulated barn in pens (10.0 m × 5.0 m; 5 bulls in each pen), providing 10.0 m2 per 
bull. The rear half of the pen area was a peat-bedded lying area and the fore half was a feeding area with a solid 
concrete floor. A GrowSafe feed intake system (model 4000E; GrowSafe Systems Ltd., Airdrie, AB, Canada) was 
used to record individual daily feed intakes so that each pen contained two GrowSafe feeder nodes. The bulls had 
free access to water at all times during the whole feeding experiment.
Feeding and experimental design
At the beginning of the experiment, both HF and CH bulls were randomly allotted to pens which were randomly 
allotted to five feeding treatments so that each treatment included two HF pens and two CH pens (20 bulls per 
treatment). The five experimental diets included GS, TS or BS as sole forage or a mixture of TS or BS and GS (Ta-
ble 1). The forage proportion (600 g kg-1 DM) and the proportions of rolled barley (335 g kg-1 DM), rapeseed meal 
(50 g kg-1 DM) and mineral-vitamin mixture (15 g kg-1 DM) were the same in each diet. The bulls were fed TMR ad 
libitum (proportionate refusals of 5%). Rations were mixed in a mixer wagon (Trioliet, BW Oldenzaal, the Nether-
lands) once a day. Two CH bulls (one GS and one TS) were excluded from the study due to hoof problems and one 
HF bull (GS) due to pneumonia. There was no reason to suppose that the diets had caused these problems. The 
other 97 bulls remained healthy throughout the study.
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All experimental silages were produced at the experimental farm of Luke in Ruukki (64°44’N, 25°15’E). The GS was a 
primary growth from a timothy (Phleum pratense, cv. Tenho, Boreal Plant Breeding Ltd., Jokioinen, Finland) sward, 
cut on 28 June 2017 by using a mower conditioner (Elho 280 Hydro Balance, Oy Elho Production Ab, Pännäinen, 
Finland), wilted for approximately 24 hours after cutting, and harvested using a precision-chop forage harvester 
(New Holland FX 60, CNH Industrial N.V., Amsterdam, the Netherlands). Spring-sown barley (cv. Wolmari, four-
rowed, Boreal Plant Breeding Ltd., Jokioinen, Finland) and spring-sown triticale (cv. Nagano, Berner Ltd., Helsinki, 
Finland) were used as whole crop silages. The sowing rates of barley and triticale growths were 220 and 200 kg 
ha-1 and sowing dates were 8 and 13 June 2017, respectively. Both BS and TS were harvested at the soft dough 
stage (growth stage Z85; Zadoks et al. 1974) of the cereal using a direct-cut flail harvester (Claas Jaguar 970, Claas 
Group, Harsewinkel, Germany) and at a stubble height of about 10 cm. The harvest date of both whole crop silag-
es was 19 September 2017. All three silages were treated with a formic acid-based additive (GrasAAT SX, Addcon 
Group GmbH, Bitterfeld-Wolfen, Germany) applied at a rate of 5 l t-1 of fresh forage and stored in bunker silos.
Feed sampling and analysis
During the feeding experiment silage sub-samples were taken twice a week, pooled over periods of four weeks 
and stored at –20 °C prior to analyses. Thawed samples were analyzed for DM, ash, crude protein (CP), neutral 
detergent fibre (NDF) assayed with a heat stable amylase and expressed exclusive of residual ash, indigestible 
NDF (iNDF), ether extract, starch, silage fermentation quality (pH, water-soluble carbohydrates [WSC], lactic and 
formic acids, ethanol, volatile fatty acids [VFA] and ammonia N content of total N), and digestible organic matter 
(DOM) in DM (DOMD, D-value). Barley and rapeseed meal sub-samples were collected weekly, pooled over peri-
ods of eight weeks and analyzed for DM, ash, CP, NDF, ether extract and starch.
The DM concentration was determined by drying at 105 °C for 20 h. Samples for chemical analyses were dried at 
60 °C for 16 h and milled using sample mill (Sakomylly KT-3100, Koneteollisuus Ltd., Helsinki, Finland) with a 1 mm 
sieve. Oven DM concentration of silages was corrected for the loss of volatiles according to Huida et al. (1986). 
The ash concentration was determined by ashing at 600 °C for 2 h. Nitrogen (N) content was determined by the 
Dumas method (AOAC method 968.06; AOAC 1990) using a Leco FP 428 nitrogen analyzer (Leco, St Joseph, MI, 
USA). Crude protein content was calculated as 6.25 × N content. Concentration of NDF was determined accord-
ing to Van Soest, et al. (1991) using Na-sulphite and presented ash-free. Ether extract was analyzed according 
to the official method 920.39 (AOAC 1990), starch according to Salo and Salmi (1968), and iNDF as described by 
Huuskonen et al. (2008). The measurement of DOMD of silages was based on the in vitro pepsin-cellulase method 
(Friedel 1990) with modifications described by Nousiainen et al. (2003). Organic matter digestibility of the silages 
was calculated using a correction equation which converts pepsin-cellulase solubility values into in vivo digest-
ibility. The forage-specific equations are based on a data set comprising of Finnish in vivo digestibility trials (Huh-
tanen et al. 2006). Fresh silage samples were analyzed for fermentation characteristics by electrometric titration 
as described by Moisio and Heikonen (1989).
The metabolizable energy (ME) concentration of GS was calculated as ME (MJ kg-1 DM) = 16.0 × DOMD (kg kg-1 
DM) (MAFF 1984). For whole crop silages, a coefficient of 15.5 instead of 16.0 was used (MAFF 1984). The ME 
concentration of concentrate feeds was calculated based on the tabulated digestibility coefficients and analyzed 
chemical composition, except for crude fibre concentrations tabulated values were used (Luke 2020). In the Scan-
dinavian feed protein evaluation system (Madsen et al. 1995), the protein value of the diet is expressed as amino 
absorbed from the small intestine (metabolizable protein, MP) and the protein balance value in the rumen (PBV), 
which describes the balance between the dietary supply of rumen-degradable protein (RDP) and the microbial re-
quirements for RDP. In the present study MP and PBV were calculated using the Finnish version (Tuori et al. 1998, 
Luke 2020) of the Scandinavian feed protein evaluation system. The relative intake potential of silage DM (SDMI 
index) was calculated as described by Huhtanen et al. (2007).
Table 1. The proportion (g kg-1 dry matter) of the feeds in the experimental diets
Treatment GS TS GSTS BS GSBS
Grass silage 600 300 300
Triticale silage 600 300
Barley silage 600 300
Rolled barley grain 335 335 335 335 335
Rapeseed meal 50 50 50 50 50
Mineral-vitamin mixture 15 15 15 15 15
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Live weight and carcass measurements
The bulls were weighed on two consecutive days at the beginning of the experiment and thereafter approximate-
ly every 28 days. Before slaughter they were weighed on two consecutive days. The target for the average car-
cass weight was 370 kg and 410 kg for HF and CH bulls, respectively, which are near the average carcass weights 
for slaughtered HF and CH bulls in Finland (Pesonen and Huuskonen 2015). The bulls were selected for slaughter 
based on LW and assumed dressing proportions (530 and 560 g kg-1 for HF and CH bulls, respectively) which were 
assessed based on earlier studies (Pesonen et al. 2013a) in Finland with beef breed bulls. The LW gain (LWG) was 
calculated as the difference between the means of the initial and final LW divided by the number of growing days. 
The estimated rate of carcass gain was calculated as the difference between the final carcass weight and the car-
cass weight at the beginning of the experiment divided by the number of growing days. The carcass weight at the 
start of the experiment was assumed to be 0.52 × initial LW based on earlier studies (unpublished data).  
The bulls were slaughtered in the Atria Ltd. commercial slaughterhouse in Kauhajoki, Finland in three batch-
es. All five feeding treatments were represented in all batches (6–7 bulls per feeding treatment in all batches). 
After slaughter the carcasses were weighed hot. The cold carcass weight was estimated as 0.98 of the hot carcass 
weight. Dressing proportions were calculated from the ratio of cold carcass weight to final LW. The carcasses were 
graded for conformation and fatness using the EUROP quality classification (EC 2006). 
Statistical methods
The results are shown as least squares means. The data were subjected to analysis of variance using the SAS GLM 
procedure (version 9.4, SAS Institute Inc., Cary, NC, USA). The statistical model used was 
yijklm = µ + δk + αi + γj + (α×γ)ij + θijm + βxijkl + eijklm 
where μ is the intercept and eijklm is the residual error term associated with l
th animal. αi, γj and (α×γ)ij are the ef-
fects of ith diet (GS, TS, GSTS, BS, GSBS) and jth breed (HF, CH) and their interaction, respectively, while δk is the ef-
fect of the slaughtering batch (1,2,3) and θijm is the effect of pen. The effect of pen was used as an error term when 
differences between treatments (diet, breed and their interaction) were compared because treatments were al-
located to animals penned together. Initial LW was used as a covariate (βxijkl) in the model.
Differences between the treatments were tested using orthogonal contrasts: (1) breed (HF vs. CH); (2) TMRs con-
taining whole crop silage (TS, GSTS, BS, GSBS) vs. GS; (3) triticale (TS, GSTS) vs. barley (BS, GSBS); (4) mixtures 
(GSTS, GSBS) vs. pure whole crop rations (TS, BS); (5) interaction between contrasts 3 and 4 (whether the GS in-
clusion has a different effect with TS and BS); (6) interaction between contrasts 1 and 2; (7) interaction between 
contrasts 1 and 3; (8) interaction between contrasts 1 and 4; and (9) interaction between contrasts 1 and 5. As 
there were only a few significant (p<0.05) interactions between breed and feeding treatments, the p-values of 
these interactions are not presented in tables.
Results
Feeds
Chemical composition and feeding values of the experimental feeds are available in Table 2. Due to the weather 
conditions during harvesting, the DM concentration of GS was 35 and 41% lower compared to TS and BS, respec-
tively. According to feed analyses, the GS had 51 and 49% higher CP concentrations as well as 13 and 39% higher 
NDF content compared to TS and BS. Furthermore, the GS had 15 and 8% higher ME concentration as well as 13 
and 7% higher MP concentration compared to TS and BS, respectively. The BS included 79% more starch com-
pared to TS. Moreover, BS had 26% and TS 17% higher SDMI index than GS (Table 2). The barley grain and rape-
seed meal had typical chemical compositions and feeding values, corresponding to the average values in the Finn-
ish Feed Tables (Luke 2020).
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The fermentation characteristics of all three silages were good, as indicated by low concentrations of ammonia 
N in total N and low total fermentation acids (Table 2). All silages were restrictively fermented with high residual 
WSC concentration and relatively low lactic acid concentration. However, the WSC concentration of TS was clearly 
higher compared to GS and BS.
Due to the differences in chemical composition and feeding values of the silages, TMR composition differed among 
the treatments (Table 2). Replacing whole crop silages partially or completely by GS reduced the DM and starch 
content but increased CP, NDF and ME concentration of TMR.
Feed and nutrient intake
The feeding experiment lasted 160 days and the slaughter age of the bulls was 470 days, on average (Table 3). 
No significant interactions for the slaughter age or final LW were observed. There was no difference in slaughter 
age between the breeds but the bulls fed TMRs containing whole crop silage were slightly younger at slaughter 
compared to the bulls fed GS (p<0.05). The final LW of the CH bulls was 5% higher (p<0.001) compared to the HF 
bulls, but there were no differences among feeding treatments in final LW.
Table 2. Chemical compositions and feeding values (mean ± standard deviation) of the experimental feeds and calculated chemical 
compositions and feeding values of the total mixed rations used in the feeding experiment
Feeds Total mixed rations
GS TS BS Barley RSM MM GS TS GSTS BS GSBS
Number of feed samples 6 6 6 3 2 2
Dry matter (DM), g kg-1 205±19.7 314±22.2 350±24.5 872±9.8 876±1.1 986±1.0 295 422 348 460 360
Organic matter (OM),  
g kg-1 DM 931±2.3 949±3.6 946±3.6 977±0.4 924±0.8 65±0.5 932 943 938 941 937
Crude protein, g kg-1 DM 148±23.3 98±14.3 99±9.7 105±5.3 377±3.8 9±0.1 143 113 128 113 128
Neutral detergent fibre  
(NDF), g kg-1 DM 559±23.8 496±28.4 402±27.2 213±28.5 284±11.0 25±0.5 421 383 402 327 374
Indigestible NDF,  
g kg-1 DM 64±26.48 146±13.56 116±7.81 ND ND ND
Starch, g kg-1 DM 6±1.5 172±16.0 308±27.7 569±23.7 13±0.1 7±0.1 195 294 245 376 285
Ether extracts, g kg-1 DM 38±5.5 21±1.0 22±2.0 17±3.0 29±0.7 6±0.1 30 20 25 21 25
Metabolizable energy,  
MJ kg-1 DM 11.0±0.46 9.6±0.15 10.2±0.16 13.2±0.06 11.4±0.01 5.0±0.1 11.6 10.8 11.2 11.1 11.3
Metabolizable protein,  
g kg-1 DM 88±6.15 78±2.80 82±1.50 95±1.53 169±1.45 5±0.2 93 87 90 89 91
Protein balance in the 
rumen, g kg-1 DM 19±17.01 -17±9.87 -22±4.82 -38±10.60 154±2.45 1±0.1 6 -15 -4 -18 -6
Digestible OM in DM,  
g kg-1 DM 685±28.9 622±9.4 659±10.3 ND ND ND
Silage DM intake index 98±7.47 115±4.37 123±1.21
Fermentation quality of 
silages
pH 3.72±0.03 3.91±0.05 3.90±0.06
Volatile fatty acids,  
g kg-1 DM 17±2.10 9±2.42 10±4.03
Lactic + formic acid,  
g kg-1 DM 68±6.22 31±3.37 39±8.41
Water soluble 
carbohydrates, g kg-1 DM 53±41.48 116±14.06 60±9.46
NH4N in total N, g kg
-1 50±5.87 54±2.99 26±10.76
GS = Grass silage; TS = triticale silage; BS = barley silage; RSM = rapeseed meal; MM = mineral-vitamin mixture; ND = not determined 
Proportions of the feeds in five experimental total mixed rations are given in Table 1. 
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For DM, ME, MP, starch and NDF intake significant breed × feeding interactions were observed. In CH bulls, DMI 
decreased 0.8 kg d-1 when GS partly replaced whole crop silage (TS or BS) while in HF bulls the use of silage mix-
tures slightly increased DMI (0.23 kg d-1) (interaction p<0.05; breed × contrast 4) (Fig. 1). The differences in DMI 
resulted in similar types of changes in ME and MP intakes (interaction p<0.05; breed × contrast 4). Instead, the 
differences between whole crop silage and silage mixtures in starch and NDF were partly unrelated to the changes 
in DMI (interaction p<0.05; breed × contrast 4) (Fig. 1). 
Whole crop silage containing diets increased clearly both total daily DMI and daily DMI per metabolic LW (DMImet) 
when compared to GS diet (p<0.01) (Table 3). The bulls receiving whole crop silages had higher MP and starch 
intake compared to the GS bulls while ME intake tended to increase (p<0.1) and CP intake decreased (p<0.001).
Fig. 1. Differences between Charolais (CH) and Hereford (HF) in intake responses 
to the partial replacement of whole crop (WC) silages (WCS) (triticale or barley) 
with grass silage (GS) in total mixture rations (interaction p<0.05; breed × contrast 
4). Dry matter intake; SEM = 0.22, starch intake; SEM = 0.06, and neutral detergent 
fibre (NDF) intake; SEM = 0.08.
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Compared to the TS based rations the use of BS rations increased both daily DMI (p<0.05) and DMImet (p=0.01) by 
5%, on average (Table 3). In addition, ME, CP and MP intake increased and NDF intake decreased when BS was 
included in the ratio instead of TS. 
Growth performance, feed conversion and carcass characteristics
Inclusion of GS in the diet increased LWG 5% and carcass gain 9% with TS but decreased them 10 and 8%, respec-
tively, with BS (interaction p<0.01). There were also significant interactions in feed conversion as DM and energy 
conversion rates were poorer with BS but improved with TS when GS replaced partially whole crop silages. No 
significant breed × feeding interactions for LWG, carcass gain or feed conversion were observed.
The LWG and carcass gain of the CH bulls were 5 and 26% higher, respectively, compared to the HF bulls but there 
was no difference in feed conversion between the breeds (Table 3). Feed conversion ratio (kg DM kg-1 LWG) for 
whole crop silage diets was poorer than that for GS diet (p<0.05) but the use of whole crop silages improved pro-
tein conversion rate (g CP kg-1 LWG) (p<0.001) compared to GS diet (Table 3). 
For dressing proportion a significant breed × feeding interaction was observed. Partial replacement of TS with GS 
increased dressing proportion from 554 to 574 g kg-1 in CH bulls while a slightly lower dressing proportion was ob-
served due to GS inclusion in BS diet. In HF bulls, no effect was observed in dressing proportion when GS replaced 
part of TS, but a small increase was observed with BS diet (interaction p<0.05; breed × contrast 5) (Fig. 2). No sig-
nificant interactions for the carcass weight, carcass conformation or carcass fat score were observed.
The carcass weight and carcass conformation score of the CH bulls were 14 and 25% higher (p<0.001), respective-
ly, than the corresponding values of the HF bulls (Table 3). In addition, the carcass fat score of the HF bulls was 
57% higher compared to the CH bulls. There were no significant differences in carcass weight or carcass confor-
mation score among the feeding treatments (Table 3). However, compared to the TS based rations the use of BS 
increased carcass fat score (p<0.001).
Discussion
Effects of breed
In the present study, DMI of the CH bulls decreased when GS partly replaced whole crop silage while in HF bulls 
the use of silage mixtures slightly increased DMI compared to whole crop silages as a sole forage. Reason for this 
effect is not clear. Previously, Jardstedt et al. (2018) hypothesised that DMI in these breeds might differ due to 
their evolutionary backgrounds since HF and CH breeds have been historically developed on low- and high-quality 
forage diets, respectively. However, in their feeding experiment with pregnant beef cows DMI appeared to be re-
lated to the different LW of these two breeds, as the breed difference in DMI was no longer present when intake 
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Fig. 2. Differences between Charolais (CH) and Hereford (HF) in dressing 
proportion (g kg-1) response to the partial replacement of triticale silage 
(TS) or barley silage (BS) with grass silage (GS) in total mixture rations 
(interaction p<0.05; breed × contrast 5) (SEM = 3.3)
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was related to LW, suggesting that intake was similarly constrained in both breeds (Jardstedt et al. 2018). In the 
present experiment, CH bulls were able to eat more TS and BS diets containing low-digestible whole crop silage 
but higher content of starch compared to GSTS and GSBS diets containing more digestible GS.
In agreement with the present results, Continental breeds have been observed to be superior in growth perfor-
mance and carcass conformation compared to British breeds in several experiments, and the higher growth ca-
pacity and better conformed carcasses of the CH breed compared to HF breed has been demonstrated previously 
in numerous studies (e.g. Krupa et al. 2005, Bartoň et al. 2006, Pesonen et al. 2013a,b, Pesonen and Huuskonen 
2015). The lower dressing proportion of the HF bulls can be partly explained by lower average carcass weight 
compared to the CH bulls because it is established that the dressing proportion is increased by increasing slaugh-
ter weight (Kempster et al. 1988). However, the body composition and dressing proportion of beef breeds is not 
dependent only on carcass weight. For example, Bartoň et al. (2006) reported that at the same carcass weight 
end point the dressing proportion for CH was 2.3% higher than that of HF. It is well established that earlier ma-
turing British beef breeds produce relatively more fat than later maturing Continental breeds in spite they would 
be slaughtered at a significantly lower LW (Bartoň et al. 2006, Pesonen et al. 2013a,b, Pesonen and Huuskonen 
2015). The higher fat deposition of HF compared to CH was clearly demonstrated also in the present experiment.
Effects of feeding treatments
At harvesting, both TS and BS were assessed to be at the soft dough stage by following kernel development 
according to Zadoks growth scale (Zadoks et al. 1974). However, TS had higher NDF, and iNDF contents but lower 
DOMD and starch contents compared to BS. These differences suggest that TS was harvested at earlier growth 
stage than BS. Givens et al. (1993) suggested that the assessment of growth stage alone may not be a good guide 
to the composition and digestibility of whole crop cereal silages. Thus, the nutritive values of triticale and barley 
at the same soft dough stage might have been different, possibly due to higher proportion of straw in triticale 
than in barley (not measured).  
The observed differences in the carbohydrate concentration of the whole crop silages harvested at the dough stage 
agrees with the results reported earlier in the Nordic countries (e.g. Nadeau 2007, Jaakkola et al. 2009, Wallsten 
et al. 2009). For example, Nadeau (2007) observed that barley had more starch whereas triticale had more sug-
ar at the same stage of maturity. Nevertheless, the comparison of different experiments is challenging since the 
deposition of sugar to starch depends on many factors like plant varieties, location as well as weather and growing 
conditions. In field experiments carried out previously in Finland the WSC content was lowest in barley cultivars 
and highest in triticale although all crops were harvested at the early dough stage (Lötjönen and Huuskonen 2018).
In line with previous studies (Sinclair et al. 2003, O’Kiely 2011, Huuskonen 2013) the digestibility (in vitro) of the 
whole crop silages was lower than that of the GS. In general, the digestibility of whole crop cereals is highly de-
pendent on the straw and grain proportions and varies considerably between studies (Sinclair et al. 2003). Raising 
the cutting height reduces the proportion of the straw in the harvested material and typically increases digest-
ibility as well as starch and CP concentrations of whole crop silages (O’Kiely 2011). However, in the present study 
both BS and TS were harvested at a same stubble height of about 10 cm.
The CP concentration of whole crop silages is commonly lower than that of moderately digestible GS (O’Kiely 
2011, Huuskonen 2013, Huuskonen et al. 2017) as observed in the present study. The Finnish recommendation 
for growing cattle above 200 kg LW is that diet PBV should be above –10 g kg-1 DM which ensures sufficient ni-
trogen supply for the needs of rumen microbes (Luke 2020). This was fulfilled in GS, GSTS and GSBS rations. In TS 
and BS rations, the PBV value was slightly lower than recommended. However, based on the meta-analysis of the 
growing cattle feeding experiments, Huuskonen et al. (2014) concluded that recommended PBV could be even 
lower than the current –10 g kg-1 DM without harmful effects on animal performance. Huuskonen et al. (2014) 
found that there was no relationship between dietary CP concentration on the control diet (the lowest CP) and 
LWG response to protein supplementation suggesting that the RDP requirements were met by all diets or that N 
recycling compensated for the limited supply from the control diet. Earlier, Marini and Van Amburgh (2003) ob-
served that the amount of N recycled into the gastrointestinal tract was 27 g kg-1 DMI in cattle fed low CP (80 g 
kg-1 DM) diet. Advantages of using MP in estimating protein supply and requirements are questionable at least 
for growing cattle above 200 kg LW. In meta-analyses, small LWG responses to feed MP indicated that microbial 
protein and rumen-undegraded protein from high quality forages and energy supplements met the protein re-
quirements when growing cattle are fed GS or whole crop silage based diets supplemented with grain (Huuskonen 
et al. 2014, Huuskonen and Huhtanen 2015).
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It is observed that animals have often been able to maintain or even increase DMI after inclusion of whole crop 
silage into the diet, although its digestibility has been lower than that of GS (Ahvenjärvi et al. 2006, Huuskonen 
2013, Keady et al. 2013). This effect could be explained by the lower NDF concentration in whole crop silages com-
pared to GS (Huhtanen et al. 2007) and by changes in passage and digestion kinetics of cell walls (Ahvenjärvi et al. 
2006). In the present experiment the lower digestibility and ME content of the whole crop silages was compen-
sated by higher DMI as hypothesized. This could have been due to differences in NDF content and digestion kinet-
ics but can also be partly explained by differences in DM content and lower amount of total fermentation acids in 
whole crop silages compared to GS. The products of silage in-silo fermentation generally depress DMI (Wright et 
al. 2000, Huhtanen et al. 2007, Huuskonen et al. 2013). Based on the meta-analysis, Huuskonen et al. (2013) re-
ported that both the extent and type of fermentation influenced silage DMI in growing cattle. Increased extent of 
in-silo fermentation decreased DMI with the adverse effect being greater for VFA, especially propionic acid, than 
for lactic acid (Huuskonen et al. 2013). Due to the weather conditions during harvesting, the DM concentration 
of GS was clearly lower compared to TS and BS explaining partly the lower DMI of the GS bulls compared to the 
whole crop silage based diets. Many earlier data evaluations have reported positive association between silage 
DM concentration and DMI (Steen et al. 1998, Wright et al. 2000, Huhtanen et al. 2007). A meta-analysis by Huh-
tanen et al. (2007) implied that silage DMI is independently affected by its DM concentration. In growing cattle 
Steen et al. (1998) reported that the maximum GS intake was achieved at a DM concentration of 320 g kg-1 while 
in dairy cows Huhtanen et al. (2007) observed that the maximum silage DMI was predicted at a DM concentra-
tion of 419 g kg-1.In the present study, the DMI was greater on BS diets (BS and GSBS) compared to TS diets (TS 
and GSTS) which was probably partly due to the lower NDF and iNDF concentrations and higher in vitro OM di-
gestibility of BS compared to TS. 
One explanation for treatment differences in growth performance could be differences in DMI and nutrient in-
takes. Based on the meta-analysis, Huuskonen and Huhtanen (2015) found that energy intake was clearly the most 
important variable affecting LWG of growing cattle whereas the results showed only marginal effects of protein 
supply on growth. The results of the present experiment support this because the highest LWG was achieved at 
the highest ME intake level. Previously, Huuskonen and Joki-Tokola (2010) observed that ME intake and growth 
rate of dairy bulls was higher with GS based diet compared to whole crop wheat based diet, but BS based diet 
did not differ from the GS diet. Some earlier studies have reported that the inclusion of whole crop wheat in GS 
based diets decreased (O’Kiely and Moloney 1999), had no effect (Keady et al. 2007) or increased (Walsh et al. 
2008) gain of finishing cattle. Walsh et al. (2008) observed clearly lower growth performance when growing steers 
were fed GS based diet instead of a whole crop wheat silage-based diet. However, GS in the study by Walsh et al. 
(2008) had a relatively low nutritive value due to advanced maturity of the crop, wet weather at harvesting and 
relatively poor preservation quality.
The present results are consistent with McCartney and Vaage (1994) who compared TS and BS in beef heifers and 
concluded that the lower gain of heifers given TS appeared to be primarily related to a reduced DMI. In that study 
of McCartney and Vaage (1994), TS had higher DM (416 vs. 313 g kg-1) and NDF (540 vs. 513 g kg-1 DM) content and 
lower apparent DM digestibility (digestibility coefficients in sheep 0.588 vs. 0.642) compared to BS. On the other 
hand, ZoBell et al. (1992) observed that TS and BS produced similar intake and gain when fed to feedlot steers. 
ZoBell et al. (1992) reported that there was very little difference between TS and BS for nutrient content although 
CP concentration was 1.5% higher for TS. Distinctions between the observations in separate experiments can be 
due to differences in forage:concentrate rations used. In the study of ZoBell et al. (1992), silages were fed at low-
er levels (258–380 g kg-1 DM) than in McCartney and Vaage (1994) (850–870 g kg-1 DM) or in the present experi-
ment (600 g kg-1 DM). Overall, the comparison of different experiments is challenging since the nutritive values 
and growth responses of whole crop silages differ largely depending on the stage of maturity of the plants at har-
vest, cutting height, plant species and variety, growing and harvesting conditions as well as harvesting and storage 
techniques, which all affect the chemical composition, preservation quality and relative proportions of grain and 
straw (Rustas 2009, Wallsten et al. 2009, O’Kiely 2011, Keady et al. 2013, Huuskonen et al. 2016).
Consistent with the present experiment, O’Kiely (2011) reported poorer feed conversion ratio for TS diets com-
pared GS diet and Huuskonen (2013) observed poorer feed conversion for BS compared to GS diet. In the present 
study, protein conversion efficiency declined when GS replaced whole crop silages and the observed effect was 
lower with TS than with BS. The relatively low protein content of whole crop silages can be seen as an environ-
mental advantage. Recent results of Huhtanen and Huuskonen (2020) indicate that decreasing dietary N inputs in 
growing cattle diet would be an effective way to decrease urinary and manure N output, and to reduce excretions 
per kg LWG and carcass gain. Major proportion of incremental N intake is excreted in urine and urinary N is more 
susceptible to both leaching and evaporation compared to faecal N (Huhtanen and Huuskonen 2020). 
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In accordance with previous experiments (Keady et al. 2007, Huuskonen and Joki-Tokola 2010, O’Kiely 2011), 
carcass conformation was not affected when whole crop silages was replaced by GS. Based on the meta-analysis 
of data from growing cattle, Huuskonen and Huhtanen (2015) found that increased ME intake improved carcass 
conformation. However, this was not observed in the present experiment. The use of BS increased carcass fat 
score compared to the TS based rations which could be due to increased ME intake. It is well documented that 
increased energy intake of growing cattle often increases carcass fatness (Huuskonen et al. 2007, Pesonen et al. 
2013a, Huuskonen and Huhtanen 2015, Manni et al. 2016).
Conclusions
The later maturing CH bulls seemed to reach higher carcass weights and produce better conformed carcasses and 
less fat compared to the earlier maturing HF bulls. According to our hypothesis, the use of whole crop silages in-
creased DMI of the growing and finishing bulls compared to low DM GS as a sole forage source in the total mixed 
ration. Furthermore, the present experiment demonstrated lower feeding value of whole crop TS compared to 
whole crop BS in the diet of the bulls. Replacing TS partly by low DM GS increased LWG and carcass gain and im-
proved feed DM conversion while on BS diet GS inclusion decreased gains and impaired feed conversion. The re-
sults indicate that the benefits of using mixtures of whole crop and grass silages rather than sole whole crop silage 
depends on the various characteristics of silages used. 
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